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DELIVERY HEAD FOR MULTIPLE PHASE TREATMENT COMPOSITION, 

VESSEL INCLUDING A DELIVERY HEAD. AND METHOD FOR TREATING 

A VESSEL INTERIOR SURFACE 

5 Field of the Invention 

The invention relates to a delivery head for delivering multiple phase 
treatment composition to an interior surface of a vessel. The vessel can include 
equipment generally characterized as clean-in-place (CEP) equipment. The invention 
additionally relates to a method for treating a vessel interior surface by dehvering a 
10 multiple phase treatment composition through a delivery head, and to a vessel that 
includes a delivery head for delivering multiple phase treatment composition to the 
interior surface of the vessel. 

Background of the Invention 

Spray devices commonly referred to as spray balls are used to facilitate cleaning 
15 the interior surface of certain clean-in-place (CIP) equipment. Equipment that can be 
more quickly and cost effectively cleaned without disassembling the equipment is often 
referred to as clean-in-place equipment. Liquid cleaning compositions are typically run 
tlirough clean-in-place equipment in order to provide cleaning. Exemplary facilities 
that utilize clean-in-place technology include dairy processing facilities, breweries, and 
20 chemical processing plants. Pipes and lines are often cleaned by running a cleaning 
composition therethrough. In order to reach the walls of vessels, spray balls are often 
used to project a liquid against the surface of the vessel. Exemplary types of vessels 
that are often cleaned with a spray device include tanks such as fermentation tanks, 
aging tanks, holding tanks, mixers, reactors, etc. Spray devices are often designed to 
25 distribute cleaning composition and rinse composition relatively uniformly to the upper 
surfaces of the vessel to be cleaned allowing the compositions to flow by gravity to the 
bottom where it is returned to the CIP unit or allowed to drain. The spray devices are 
often designed to provide complete coverage over all the interior surfaces of the vessel. 



Two generally available types of spray devices for application of 
cleaning composition and rinse to the interior surfaces of a vessel include fixed (static) 
spray devices and rotating (dynamic) spray devices. Fixed spray devices are often used 
in sanitary applications because there are no moving parts to maintain or to break down 
5 and risk contamination. Fixed spray devices generally operate at low pressure (20-25 
psig) on the principle of cascading water flow or sheeting over the interior surface of 
the vessel. Detergents can be provided to loosen the soil while the bulk solution flow 
flushes the soils away. Rotating spray devices generally operate at lower volumes and 
higher pressures (greater than 30 psig) but also rely on the cascading flow of the 
10 cleaning composition over the interior surface of the vessel for the removal of soil. 

The use of a two-phase liquid/gas stream to clean pipelines is 
disclosed in European Patent Application 0 490 117 Al to Kuebler that was 
published on June 17, 1992. Kuebler describes cleaning pipelines using a two- 
phase liquid/gas stream and a reduction in throughput of the cleaning liquid by 
15 several orders of magnitude relative to conventional clean-in-place techniques. 

Additional publications describing mixed phased flow include, for 
example, U.S. Patent No. 6,326,340 to Labib et al.; U.S. Patent No. 6,454,871 to Labib 
et al.; and U.S. Patent No. 6,027,572 to Labib et al. 

Summary of the Invention 

20 A delivery head is provided according to the invention. The delivery 

head includes a delivery arm and a spray diverter constructed to divert a multiple phase 
treatment composition flowing through the delivery arm and diverted by the spray 
diverter to provide a target spray pattern. The delivery head includes an open area 
sufficient to provide the target spray pattern and to provide a back pressure of less than 

25 about 10 psig when a multiple phase treatment composition is flowing through the 
delivery head at a liquid flow rate of about 2 gal/min. to about 20 gal/min., and the 
volumetric ratio of the gas to liquid is between about 5:1 and about 75,000:1 at 
atmospheric pressure. 
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A vessel is provided according to the invention. The vessel includes an 
interior surface arranged for holding a liquid, a multiple phase treatment composition 
inlet line, and at least one delivery head for delivering a multiple phase treatment 
composition to the interior surface. The vessel can include a plurality of delivery heads 
5 for providing desired treatment of the interior surface of the vessel. Exemplary vessels 
that can be treated include fermentation tanks, aging tanks, holding tanks, mixers, 
evaporators, and reactors. 

A method for treating the interior surface of a vessel with a multiple 
phase treatment composition is provided according to the invention. The method 
10 includes a step of delivering a multiple phase treatment composition to a delivery head 
inside a vessel to create a target spray pattern that provides liquid from the multiple 
phase treatment composition onto an interior surface of the vessel. 

Brief Description of the Drawings 

Figure 1 is a diagrammatic view of a vessel that can be treated according 
1 5 to the principles of the present invention. 

Figure 2 is a side view of a delivery head for a multiple phase treatment 
composition according to the principles of the present invention. 

Figure 3 is a perspective view of the delivery head of Figure 3. 

Figure 4 is a diagrammatic view of an exemplary spray diverter 
20 according to the principles of the present invention. 

Figure 5 is a diagrammatic view of an exemplary spray diverter 
according to the principles of the present invention. 

Figure 6 is a diagrammatic view of an exemplary spray diverter 
according to the principles of the present invention. 
25 Figure 7 is a diagrammatic view of an exemplary spray diverter 

according to the principles of the present invention. 

Figure 8 is a diagrammatic view of an exemplary spray diverter 
according to the principles of the present invention. 
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Figure 9 is a diagrammatic view of an exemplary spray diverter 
according to the principles of the present invention. 

Figure 10 is a diagrammatic, side view of a delivery head according to 
the principles of the present invention. 
5 Figure 11 is a diagrammatic, side view of a delivery head according to 

the principles of the present invention. 

Figure 12 is a diagrammatic, side view of an exemplary delivery head 
according to the principles of the present invention utilizing the spray diverter of Figure 
5. 

10 Detailed Description of the Preferred Embodiment 

A delivery head can be provided for delivering a multiple phase 
treatment composition to the interior surface of a vessel. The vessel can be a type of 
clean-in-place (CEP) processing equipment, which means that it is generally designed to 
be cleaned without disassembly. That is, cleaning fluids are circulated through the CIP 

1 5 processing equipment in order to provide desired cleaning. 

Conventional flow refers to a flooded hydraulic delivery system where 
the cleaning composition is diluted with water and allowed to flow over the surface to 
be cleaned. Conventional flow can be referred to as liquid flow and/or single phase 
flow. Liquid flow can be characterized by a general absence of a gaseous phase that 

20 provides for delivery of the liquid. It should be understood that the phrase "single phase 
flow" is not intended to exclude the existence of solids such as debris that may become 
a part of the liquid flow. Multiple phase flow refers to a system that utilizes a gaseous 
phase and a liquid phase wherein the gaseous phase is used to deliver the liquid phase. 
Multiple phase flow in the context of treating a surface refers to a system that utilizes a 

25 gaseous phase to deliver or carry a liquid to the surface for treatment. The treatment 
can include, for example, flushing, rinsing, pretreatment, cleaning, sanitizing, 
preserving, etc. The velocity and volume of the gaseous phase can be determined to 
provide desired contact between the liquid phase and the surface, resulting in a desired 
contact or coverage of the surface and/or any item on the surface such as soil or foulant. 



The desired gaseous velocity and volume will depend on the physical parameters of the 
surface to be cleaned including the size of the vessel to be treated. 

Multiple phase flow refers to the generally concurrent delivery of a liquid 
phase and a gaseous phase. It should be understood that multiple phase flow refers to a 
5 media that contains a liquid phase and a gaseous phase. ]n general, multiple phase flow 
refers to a condition where the liquid phase is distributed or delivered by the gaseous 
phase. It should be understood that the phrase "generally concurrent delivery" refers to 
a generally steady state operation and is not intended to reflect a condition resulting 
from a transient start up of a conventional, liquid flow where there may be some initial 

10 mixing of gas with a liquid phase as a result of air being present in the lines, and is not 
intended to reflect a condition where there may be incidental bubbles present in a 
conventional, liquid flow. 

The vessels that can be treated according to the invention include those 
vessels that are designed for periodic cleaning. Exemplary industries that include 

1 5 vessels that can be treated according to the invention include the food industry, the 
beverage industry, the biotechnology industry, the pharmaceutical industry, the 
chemical industry, and the water purification industry. In the case of food and beverage 
industries, products including milk, whey, fruit juice, beer, and wine are often processed 
in a vessel. 

20 Multiple phase flow can be used to provide advantages compared with 

liquid flow. It should be understood that the reference to liquid flow refers to the 
general absence of a gaseous phase that suspends and transports a liquid phase. 
Compared to liquid flow, multiple phase flow can be used to deliver a higher 
concentration of chemical agent to a surface to increase the efficacy of the chemical 

25 agent. In many applications, it is expected that it would be too costly to use a highly 
concentrated chemical agent in liquid flow compared with multiple phase flow where a 
high concentration of chemical agent can be delivered to a surface relatively 
conveniently. It is expected that multiple phase flow can deliver a highly concentrated 
chemical to a surface without the waste associated with liquid flow. As a result, certain 

30 advantages resulting from the use of highly concentrated chemicals can be realized 



using multiple phase flow compared with liquid flow. In addition, by using the same 
amount of chemicals and/or active ingredients, a higher chemical concentration can be 
provided using multiple phase flow than liquid flow because the gaseous phase is the 
carrier or diluent in the multiple phase flow whereas water is typically the carrier or 
5 diluent in liquid flow. In addition, multiple phase flow can utilize less chemical agent 
and/or active ingredient than liquid flow, if desired. By using higher concentrated 
chemistry, it is expected that multiple phase flow can provide a desired effect in less 
time and/or provide an enhanced effect and/or can use less chemical agent compared 
with liquid flow. In addition, it should be understood that multiple phase flow can 

10 utilize the same amount of chemistry or active ingredient (or less) as liquid flow but can 
provide it at a higher concentration. By treating (such as, cleaning) faster, it is possible 
to increase production rate by decreasing the downtime of the equipment being treated. 
Furthermore, multiple phase flow can be used to provide an overall reduction in the 
amount of chemistry and/or active ingredient and water compared with liquid flow. 

15 It should be understood that the use of the phrases liquid flow, single 

phase flow and multiple phase flow are not intended to exclude the presence of solids 
that may be present intentionally and/or as a result of foulants or debris that may 
become a part of the system. In addition, liquid flow can be referred to as flooded flow, 
and multiple phase flow can be referred to as non-flooded flow. 

20 Now referring to Figure 1, an exemplary vessel 20 is shown 

diagrammatically. The vessel 20 includes an interior surface 22, a treatment 
composition inlet line 24, and a spray device 26. Treatment composition provided as a 
multiple phase composition flows through the treatment composition inlet line 24 and 
the spray device 26 causing the multiple phase treatment composition to form a target 

25 spray pattern so that the liquid phase of the multiple phase treatment composition 

reaches the interior surface 22. The interior surface 22 includes a top surface 28, side 
walls 30, and bottom surface 32. The target spray pattem should be sufficient so that 
the liquid phase at least reaches the top surface 28 and the upper portions of the side 
surfaces 30, It is expected that desired spray patterns will additionally provide coverage 

30 of the bottom surface 32 and the lower portions of the side surface 30. However, it is 



expected that there may be a certain amount of movement of the liquid phase down the 
side wall 30 so that a chemical agent in the liquid phase will contact the bottom wall 32 
and the bottom portion of the side wall 30. The movement of liquid phase down the 
side wall 30 can be referred to as a cascade effect. Based upon the expected flow rate of 
5 liquid phase down the side wall 30, it should be understood that the cascade effect is not 
expected to be as intense as the cascade effect encountered during single phase flow. 

The vessel 20 additionally includes a liquid outlet 32. In general, it is 
expected that the liquid will flow into the liquid outlet 32 and will flow through the 
liquid outlet line 34 to a drain or to a recirculation line or to some type of further 

10 processing unit. It should be understood that vessels can include multiple liquid outlet 
lines. The liquid outlet can be used as an outlet for product. The vessel 20 additionally 
includes at least one product inlet line 36. Product can be introduced into the product 
inlet line 36 via the product line 37. In addition, multiple phase treatment composition 
can be introduced into the treatment composition inlet line 24 via the multiple phase 

1 5 treatment composition line 3 8 . 

The vessel 20 includes a vent 40 for venting gas such as air. Because of 
the large flow rate of multiple phase composition into the vessel 20, the gaseous phase 
can be vented through the vent 40. A demister 42 can be provided so that gas leaving 
the demister outlet 44 is relatively free of liquid phase. Accordingly, the demister 42 

20 can include media that allows the liquid phase to condense thereon. 

Vessels that are cleaned in place often include a man-way 46 that allows 
a person to enter into the vessel to clean the interior surface. It is expected that the use 
of a multiple phase treatment composition will help alleviate the need to provide for 
manual cleaning of the interior surface. 

25 Now referring to Figures 2 and 3, an exemplary delivery head according 

to the invention is shown at reference number 80. The delivery head 80 includes a 
delivery arm 82 and a spray diverter 84. In general, the delivery arm 82 is constructed 
to attach to the treatment composition inlet line in a vessel. A pin opening 86 can be 
provided in the delivery arm 82 for attaching the delivery arm 82 to the treatment 

30 composition inlet line. That is, the treatment composition inlet line can be a pipe 



extending through the interior surface of a vessel. The pipe can have a hole through its 
side wall and the delivery arm 82 can fit coaxially with the pipe and a pin can be 
inserted through the pin opening 86 and the hole in the pipe to secure the delivery ami 
82 in place. The delivery arm 82 can be provided so that it fits over the treatment 
5 composition inlet line. In addition, it is generally expected that the treatment 
composition inlet line will extend through the top wall of a vessel and typically 
downward into the vessel. It should be understood that various other techniques can be 
provided for attaching the delivery arm 82 to the treatment composition inlet line. 

The delivery head 80 can include an attachment arm 90 having a first end 

10 92 that attaches to the delivery arm 82 and a second end 94 that attaches to the spray 
diverter 84. As shown in the context of the delivery head 80, there is a plurality of 
attachment arms 90. The plurality of attachment arms 90 provide openings 96 through 
which multiple phase composition can flow to provide the desired spray pattern against 
the interior surface of the vessel. 

1 5 The inventors found that conventional spray devices such as spray balls 

used for conventional liquid fail to provide a desired spray pattern when used for 
delivering a multiple phase treatment composition. It is believed that the reason for this 
is that conventional spray devices for use with liquid flow are designed to provide a 
back pressure sufficient to cause liquid flowing through the spray device to spray 

20 outward so that the streams of liquid contact the interior surface of the vessel. It is 
expected that the back pressure created inside the conventional spray device is at least 
about 25 psig during liquid flow to provide sufficient pressure so that the streams of 
liquid reach the side walls of the vessel. It is expected that the back pressure is created 
as a result of a relatively small open surface area for the liquid to escape. In contrast, 

25 the delivery head according to the invention provides for delivery of a liquid phase of a 
multiple phase composition to the interior walls of a vessel by avoiding a large back 
pressure in the spray head. The spray head can be designed so that the openings are 
sized to reduce back pressure to less than about 10 psig, and more preferably to less 
than about 5 psig, when a multiple phase composition is flowing through the delivery 

30 head at a liquid flow rate of about 2 gal/min. to about 20 gal/min., and the volumetric 



ratio of gas to liquid is between about 5:1 and about 75,000:1 at atmospheric pressure. 
In addition, it should be understood that the openings provide for flow of multiple phase 
treatment composition therethrough and can have any configuration or size sufficient to 
allow the multiple phase treatment composition to achieve the desired spray pattem and 
5 to allow the delivery head to achieve a back pressure of less than about 10 psig, and 
preferably less than about 5 psig. It should be understood that the back pressure refers 
to the differential pressure as measured inside the spray head and outside the spray 
head. 

It should be understood that various treatment compositions and 
10 techniques that can be used according to the invention for application through the spray 
head for treating the interior surface of a vessel are described in U.S. Application Serial 

No. (Atty. Docket No. 163.1743US01) that was filed with the United States Patent 

and Trademark Office on February 23, 2004 and U.S. Application Serial No. 

(Atty. Docket No. 163.1750US01) that was filed with the United States Patent and 
15 Trademark Office on February 23, 2004. The entire disclosures of U.S. Application 

Serial No. (Atty. Docket No. 163.1743US01) and U.S. Application Serial No. 

(Atty. Docket No. 163.1750US01) are incorporated herein by reference in their 

entireties. 

Now referring to Figures 4-9, several spray diverter designs are shown. 

20 The arrows reflect the expected muUiple phase treatment composition flow direction 
over the diverter surface. Figure 4 shows a spray diverter 1 10 that causes multiple 
phase treatment composition to be directed radially outward. The spray diverter 1 10 
includes a relatively central elevated area 1 12 that curves to the distribution area 1 14 
around a circumference of the diverter. Figure 5 shows a spray diverter 120 where the 

25 multiple phase treatment composition is directed conically downward. The spray 
diverter 120 can be characterized as having a conical shape. Figure 6 shows a spray 
diverter 130 that can be characterized as having a spherical diverter surface for directing 
the multiple phase treatment composition both conically downward and radially 
outward. Figure 7 shows a spray diverter 140. It is believed that the multiple phase 

30 treatment composition can be directed radially outward and possibly upward by the 
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configuration of the spray diverter 140. Figure 8 shows a spray diverter 150 having an 
oscillating diverter surface. It is expected that the change in contour of the diverter 
surface will cause the multiple phase treatment composition to flow in various 
directions to provide desired coverage of the interior surface of a vessel. Figure 9 
5 shows a spray diverter 160 that can be considered a series of concentric rings 162 and 
openings 164, The concentric rings can provide various radial appHcations of multiple 
phase treatment composition. It is expected that the multiple phase treatment 
composition can flow through the openings 164 and become diverted by the concentric 
rings 162. It should be understood that the shape and design of the spray diverter can be 
10 altered to provide the desired target spray pattern. In general, it should be understood 
that the spray pattern is a pattern desired for application of liquid phase from the 
multiple phase treatment composition to the interior surface of the vessel to provide 
desired coverage. 

Now referring to Figure 10, a delivery head is shown at reference number 

1 5 200. The delivery head 200 includes a delivery arm 202 and a spray diverter 204. 

Attachment arm 206 is provided for holding the spray diverter 204 to the delivery arm 
202. Openings 208 are provided for allowing the multiple phase treatment composition 
to flow out of the delivery head 200 in a desired pattern and to provide a sufficiently 
low back pressure within the delivery head 200. 

20 Now referring to Figure 1 1, a delivery head is shown at reference number 

220. The delivery head 220 includes a delivery arm 222, a spray diverter 224, and 
attachment arm 226. Openings 228 are provided to allow the multiple phase treatment 
composition to flow out of the delivery head 220 and to provide a sufficiently low back 
pressure within the delivery head 220. 

25 Now referring to Figure 12, a delivery head is shown at reference number 

240. The delivery head 240 includes a delivery arm 242, a spray diverter 244, and 
attachment arms 246. The spray diverter 244 can be considered the spray diverter 1 10 
from Figure 4. Openings 248 are provided that allow the multiple phase treatment 
composition to flow out of the delivery head 240 and to help minimize back pressure 

30 within the delivery head 240. 



The delivery head can be used for delivering the liquid phase of a 
multiple phase treatment composition to vessels having various sizes. It should be 
understood that the size (capacity) of the vessel depends in part on whether the vessel is 
characterized as a horizontal vessel or vertical vessel. In general, a vertical vessel has 
its longest axis that extends vertically, and a horizontal vessel has its longest axis 
extending horizontally. As a result, it may be possible to treat a vertical vessel using a 
single delivery head whereas the same sized vessel arranged horizontally would require 
more than one delivery head in order to reach all of the interior surface of the horizontal 
vessel. In addition, the flow rate of the muhiple phase treatment composition and the 
design of the delivery head can effect the ability of the liquid phase to reach the interior 
surface of the vessel In general, it is expected that a single delivery head can be used to 
treat vessels having a size of between about 200 gallon and about 5,000 gallon. 
Multiple delivery heads can be used to treat the interior surface of vessels having a size 
of about 3,000 gallon to about 50,000 gallon. The vessel can be any vessel used in 
processing including, for example, a fermentation tank, an aging tank, a holding tank, a 
mixer, an evaporator, and a reactor. 

The following example was carried out to demonstrate principles of the 
present invention. It should be understood that the following example does not limit the 
invention. 

Example 

A hose connected to the end of a line circuit was mounted and directed 
towards a foam wall 6 feet away to demonstrate the feasibility of a multiple phase 
cleaning equipment for wall or tank cleaning. A milk soil was developed by spraying 
whole milk on wall and allowing setting for 24 hours. Qualitatively, the multiple phase 
cleaning system appeared to effectively remove the dried on milk using 0.5% alkaline 
product (AC-101 from Ecolab Inc.) and Minfoam 2X 
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Table 1 



Inlet Pressure 


Liquid Pump Setting 


Liquid Flow Rate 


Condition 


15 


40 


1.1 gpm 


Good spray - good cascade effect 


15 


30 


0.8 gpm 


Good spray - good cascade effect 


20 


25 


0.7 gpm 


Good spray - good cascade effect 



Multiple phase cleaning was set up on the CIP line circuit and directed to 
5 the tank silo at the end of the 200 ft. line. The tank silo measures 6 ft. in height and 3 ft. 
in diameter. Traditional spray ball cleaning would require 28 gpm flow rate (27rr x 3.0 
= 9.42 ft. X 3.0 gpm/ft = 28 gpm) for adequate cleaning. The multiple phase cleaning 
appeared adequate at a flow rate of 0.7 - 1.1 gpm. The traditional spray ball was 
removed and replaced with an exhaust pipe with a capped end and large holes along the 
10 sides to minimize back pressure. A redesign of the spray head could maximize the 
multiple phase cleaning effect. Again, the tank wall was sprayed with whole milk and 
allowed to dry for 24 hours. The multiple phase spray was applied using only warm 
water and Minfoam 2X. Qualitative observations indicated the milk soil to be 
adequately removed and good cascading of the cleaning solution over the tank wall. 



15 Table 2 



Inlet Pressure 


Liquid Pump Setting 


Liquid Flow Rate 


Condition 


8 


40 


1.1 gpm 


Good spray - good cascade effect 


8 


2 


0.6 gpm 


Too much mist, not enough liquid 


1 


25 


0.7 gpm 


Good spray - good cascade effect 



Initial qualitative results indicate the multiple phase flow equipment can 
adequately deliver cleaning solution to vessel walls allowing gravity and solution flow 
to clean tanks. There is an opportunity to reduce total volume required to clean tanks 
20 and vessels. Increased chemical concentration can be used because of the lower flow 
rates for multiple phase cleaning. In addition, heated cleaning composition could be 
used due to the minimal cooling effect that was noted. Spray heads could be engineered 
to effectively minimize back pressure and maximize cleaning composition volume 
delivery to the walls. 
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The above specification, examples and data provide a complete 
description of the manufacture and use of the composition of the invention. Since many 
embodiments of the invention can be made without departing from the spirit and scope 
of the invention, the invention resides in the claims hereinafter appended. 



13 



